Stroke is a serious threat to human health that often leads to severe complications, and currently ranks first as leading cause of death in China.
Introduction
Currently, stroke is the leading cause of death in China [1, 2] , and its adverse consequences to the physical health are becoming ever more serious [3, 4] . Conducting epidemiological studies and clarifying the burdens associated with this disease are crucial for establishing prevention and control strategies, and for evidence-based allocation of public health resources [5] [6] [7] . However, reliable data on stroke burden in China in the 21 st century are lacking. a1111111111 a1111111111 a1111111111 a1111111111 a1111111111
During "The Twelfth Five-year Plan" (2011) (2012) (2013) (2014) (2015) , National Ministry of Science and Technology and National Health Planning Commission instigated the program of "National Epidemiological Survey of Stroke in China (NESS-China)", and carried out an epidemiological survey on cerebrovascular disease at 155 different survey sites in 31 provinces. The scope of this initiative was to acquire the basic information regarding the current level of burden from and trends of cerebrovascular diseases in China, the basic risk factors, as well as the prevention and treatment of stroke in Chinese people. This epidemiological survey involved the largest sample scale in the field of cerebrovascular diseases since the foundation of People's Republic of China [8] . The present research utilized the data from this survey especially focusing on the burden of stroke in China. The current health impact caused by stroke in relation to stroke induced disability and premature deaths were considered. Furthermore, socio-economic factors, the inter-regional differences in development status, different levels of public medical facilities and different geographical and climatic conditions were also considered in order to acquire a full comprehension of the factors influencing the burden of stroke in China.
Methods

Sampling method
NESS-China includes data from 2010 census [9] that represent current characteristics of Chinese rural and urban residents. These results were obtained using multilevel cluster random sampling method at 157 survey sites in 31 provinces (autonomous regions, municipalities). The National Disease Surveillance systems [1, 10] of the National Center for Chronic and Noncommunicable Disease Control and Prevention of Chinese Center for Disease Control and Prevention, sampled at least 4,500 people at each survey site, and included 3,800 surveys (response rate �80%). The total sample size of the study population was 600,000 [8] .
Ethical approval
The study was approved by the ethical review committees of Beijing Tiantan Hospital and all other participating institutes. Written informed consent was obtained from all study participants by interviewers before data collection. We can confirm that all methods were performed in accordance with the relevant guidelines and regulations.
Diagnostic criteria
The stroke diagnostic criteria proposed by "Atherosclerosis Risk In Communities Study (ARIC)" were applied, such as "abruptly and rapidly evolutional focal/whole cranial nerve function defection, with the symptoms lasting more than 24 hours (unless surgical intervention is conducted or death is caused), without obvious reasons other than vascular factors, excluding abnormal nerve function caused by trauma, metabolic disturbance, poisoning, tumour or infection of central nervous system" [11] .
The stroke mortality was determined by reviewing medical history (verbal autopsy), relevant medical records and neuroimaging examination materials when available.
Modified Rankin Scale (mRS) [12] was used to determine the sequela disability status in definite stroke cases [13] .
Procedures
The verification and inclusion of stroke sufferers and stroke mortalities was done via twostaged survey. [8] The first stage of the survey was done by trained investigators from the Centre for Disease Control who adopted face-to-face investigation approach at survey sites, regarding the household as the unit. They elucidated the relevant information for "cerebrovascular disease symptom screening and simple check-up" in the "Preliminary Screening Table of Epidemiology Survey of Cerebrovascular Diseases" to identify patients with suspected stroke and a history of stroke. They also obtained "family members death information" in the "Preliminary Screening Table" and death related information from the Centre for Disease Control during time period from September 1, 2012 to August 31, 2013. These data were submitted to the study neurologists for reviewing. At least 3,800 residents of all age groups at each study site completed the primary screening survey. The second stage of the survey was carried out primarily by professional neurologists who conducted face-to-face interviews and clinical/neurological examination of the study participants suspected to have a stroke, including reviewing of related medical records and neuroimaging data (when available) to confirm or refute the diagnosis of stroke. The relevant content was recorded in the "Registration Form of Definite Cases of Cerebrovascular Diseases" and included information on the onset time of stroke, sequelae disability status, duration of disability, and other relevant information. With reference to deceased, "Review Registration Form of Death Cases" was completed to determine the cause of deaths.
Quality control
A close coordination and cooperation between National Research Group, the Provincial and Municipal/Survey Spot Center for Disease Control and Prevention, Provincial and Municipal/ Survey spots for neurologists and other multiple centers and multiple sectors were established and maintained during the study. As a result, this survey established a nationwide three-level quality control mechanism, based on national, provincial, municipal, and survey sites, which implemented strict quality control for each study site and survey components.
Statistical analysis
The Global Burden of Diseases, Injuries and Risk Factors (GBD) 2010 [14] correlation methodology, and SPSS 17.0 Statistical Analysis Software were applied for data processing. All of the indices adjusted to the same standard world population composition as same as the GBD 2010 and had been estimated with 95% uncertainty interval (95%UI). The width of 95%UI provides a mechanism of communicating to users the limitations of estimates for the burden caused by different diseases, injuries and risk factors. Uncertainty around cause-specific YLLs, YLDs and DALYs were calculated incorporating uncertainty in levels of all-cause mortality, cause-specific mortality, prevalence, and disability weights.
YLLs were defined as total number of deaths (∑) due to stroke in x-age group multiplied by standard life expectancy in x-age group [15, 16] . In this study, all age groups were divided into 18 age groups: 0-364 days, 1-4 years old, 5-9 years old, 10-14 years old, 15-19 years old, 20-24 years old, 25-29 years old, 30-34 years old, 35-39 years old, 40-44 years old, 45-49 years old, 50-54 years old, 55-59 years old, 60-64 years old, 65-69 years old, 70-74 years old, 75-79 years old, and over 80 years old [17] . "∑" represented the cumulative sum of 18 age groups. The death of stroke in this study was limited to time period between September 1, 2012 to August 31, 2013.
YLDs were defined as total (∑) number of suffered from stroke sequela disability status in xage group × corresponding weight of disability × duration of disability(year) [12, 15] In this study we adopted 220 types of classification standards resulted from 289 disabling diseases-1160 sequelae analyzed by GBD 2010. Disability sequel status of stroke were divided into four categories: mild disability, moderate disability, severe disability and critical disability, respectively corresponding to the modified Rankin Scale (mRS) description [13] . This study was limited to the stroke patients born before August 31, 2013. The duration of disability was defined from the onset of stroke leading to disability to August 31, 2013 (confirmed cases of survival) and the duration from the onset time leading to disability to death time-point (before 31 August 2013) (including those who died from other diseases but suffered from stroke previously). "∑" represented the cumulative sum of four types of sequela related disability.
DALYs (disability adjusted life years) were defined as YLLs+ YLDs [12, 15, 16] .
Results
NESS-China has completed preliminary screening of 596,536 cases among permanent residents in all age groups at 155 survey sites (from 157 Disease Surveillance Points) in 31 provinces [8, 18] , among whom 7,030 cases were diagnosed with disability due to stroke before August 31, 2013, and 758 patients died as a result of stroke during September1, 2012 and August 31, 2013 (Table 1) . During September 1, 2012 and August 31, 2013, the total number of YLLs caused by stroke in all age groups in 31 provinces was 10,413 (95% UI: 9955-10977), the total number of YLDs was 1,563 (95% UI: 1105-2127), and the total number of DALYs was 11,976 (95% UI:11518-12540) ( Table 1) .
From September 1, 2012 to August 31, 2013, YLLs rate per 100,000 people of all age groups per year for stroke nationwide was 1,748 (95% UI: 1576-1831), the YLDs rate was 262 (95% UI: 90-345) and the DALYs was 2,010 (95% UI: 1838-2093). Comparing the seven Chinese regions [19, 20] , the region with the highest YLLs rates was Northeast, and the lowest rates were observed in South China; the region with the highest YLDs rates was North China while the lowest YLDs rates were observed in Southwest China; the region with the highest DALYs rates was Northeast while the lowest DALYs rates were in South China ( Table 2 and Fig 1) . 87% of DALYs were due to YLLs and the remaining 13% were due to YLDs. Generally, YLLs took up a dominant proportion of stroke-caused DALYs in China.
During the study period, the rate of YLLs in rural areas was 1964(95%UI:1792-2047)/ 100,000, the rate of YLDs was 294(95%UI:122-377)/100,000, and the rate of DALYs was 2,258 (95%UI:2086-2341)/100,000; the rate of YLLs urban areas was 1,533(95% UI: 1361-1616)/ 100,000, the YLDs was 229(95% UI: 57-312)/100,000, and the rate DALYs was 1,762(95% UI: 1590-1845)/100,000.
NESS-China has completed preliminary screening of 596,536 cases among permanent residents of all age groups at 155 survey sites in 31 provinces, among whom 3915 males and 3115 females were diagnosed with disability due to stroke before August 31, 2013; and 417 males and 341 females died due to stroke during September 1, 2012 and August 31, 2013.
During September 1, 2012 and August 31, 2013, the absolute number of YLLs caused by stroke among all age groups in 31 provinces was 5638 males and 4776 females, the absolute number of YLDs was 868 (95% UI: 583-1210) among males and 694 (95% UI: 405-1033) among females, the absolute number of DALYs was 6506 (95% UI: 6221-6848) among males and 5470 (95% UI: 5181-5809) among females. The DALYs rate per 100,000 people was 2171 (95% UI: 1999-2254) in males and 1848(95% UI: 1676-1931) in females. Among the 18 age groups analysed, the highest number of YLLs was observed in people aged over 80 years, especially in females (1267 compared to 835 in males) (Fig 2) .
Discussion
The present study is based on the data from NESS-China, the first epidemiological survey containing the large-scale samples and multiple centers established in 155 survey sites across 31 provinces specially aimed at studying cerebrovascular disease epidemiology [1, 2, 10, 18] . The survey was carried out primarily by trained investigators and professional neurologists who conducted face-to-face interviews and clinical/neurological examination of the study participants. Such cross-sectional surveys with large-scale samples and multiple centers by strict screening can ensure the reliability of stroke related epidemiological data, and can ensure that all quantitative stroke burden indices estimated on this basis are objective and accurate. This study adopts quality control specification at all survey sites nationwide, in order to ensure all quantitative indices are estimated on the same basis.
Our finding suggests that stroke is the main cause of YLLs in China, but not YLDs. This is consistent with the GBD 2010 Study results [12] that showed that YLDs caused by stroke mean heart disease and lung cancer) [1, 15] . Considering the rising number of people suffering from a stroke and the high related disability rate worldwide, YLDs continues to appear as an important metric for evaluating stroke related nonfatal health impact. It also appears to possess farreaching significance for reducing disability rate and redeeming years of life lived with disability [22, 23] . The DALYs rates in China appeared to be higher compared to global GBD 2010 DALYs rate, with a significant difference (2,010 VS 1,484 [15, 16] , p <0.001, adjusted to the same standard world population composition). Among the 21 GBD epidemiological regions, DALYs caused by stroke played the dominant role in the demographically and epidemiologically advanced regions such as East Asia (includes China) (Stroke Mean Rank 1 in 291 GBD diseases and injuries), High-income Asia Pacific, Southeast Asia, Eastern Europe, Central Europe, Central Asia and Western Europe. Meanwhile, the burden of diseases in the backward regions (science, economy, medical technology, demographic and epidemiological studies are lagging behind) such as sub-Saharan Africa, South Asia and Latin America, the leading volume of DALYs were due to communicable diseases and nutritional deficiencies, however not the cardiovascular and circulatory diseases includes stroke ( Table 3 ). The heterogeneity across 21 regions in the burden of diseases highlighted how important it will be to make estimates at the national levels.
During September 1, 2012 and August 31, 2013, Through the comparison of seven different regions, rural and urban areas in this study [19, 20] , the highest value of DALYs caused by stroke was found in the Northeast China and the rural areas while the lowest in South China and the urban areas. With reference to the gender and age stratification with burden of stroke, the value of DALYs in males was higher than in females generally. However, among the 18 age groups analysed, the highest number of YLLs was observed in people aged over 80 years, especially in females. As shown in the Fig 2, YLLs caused by stroke in females was significantly higher than in males for 45-49 years and over 80 years age group, maybe it was due to the perimenopausal period that caused females loss of estrogen to prevent cardio-cerebrovascular diseases. All of the above difference was statistically significant (p<0.001). The geographical, gender and age differences observed in stroke burden in China may be related to inter-regional demographic characteristic differences, regional medical treatment levels, population economy income conditions, etiological stroke subtypes and other risk factors, which means further analysis and assessments are needed [24] .
Although morbidity and mortality rates have been declining in most high-income countries for the past two decades, they have been continuously rising in low and middle-income countries including China. This may be due to the life-style transformation, differences in medical conditions, clinical diagnosis and treatment levels, or the deficiency in high risk groups screening and management. The prevalence rate and burden of stroke is growing rapidly worldwide [25] . Currently, stroke related risk factors such as high blood pressure, diabetes mellitus, and hyperlipemia have also been rising [1, 26] , and given the smoking rates have not significantly � According to the order from high to low of DALYs per 100,000.
�� Ranking in 291 GBD diseases and injuries. ��� The data of our survey from "National Epidemiological Survey of Stroke in China" (NESS-China).
https://doi.org/10.1371/journal.pone.0208398.t003 changed in developing countries, the morbidity rate, prevalence rate and death rate are all expected to rise in the near future [27] . China is facing rapid growth of this disease and the burden of stroke requires further investigation and study that would preferably include multiple centers, and large-scale assessments of various factors. Establishing a national stroke register is an urgent issue. Dynamic epidemiology monitoring, clinical diagnosis and treatment of cerebrovascular diseases, screening and management of disease and high-risk population, study and promotion of suitable intervention technologies, are all indispensable for constructing a useful and effective system suitable for coping with cerebrovascular diseases in view of existing national conditions. This would furthermore help strengthen the implementation of primary and secondary prevention strategies, so as to reduce the huge health impact of stroke in China on individual and societal level [28] . This study may serve as a useful guide for control planning strategy, prevention and treatment integration, and dynamic monitoring reinforcement in differently developed regions [1, 29, 30] . The updates would not only provide a mechanism both to assess the latest cross-sectional surveys' evidences but also to promote accountability of health systems for achieving reductions in the burden of stroke. Furthermore, despite this complexity and diversity, important medical health and public services fundamental challenges are readily identifiable for which technologies and knowledge exist to substantially reduce or eliminate their impact on burden of disease rankings. The sustained commitment of governments, medical workers and the public health community to do so is crucial, on the basis of the essential health intelligence that regular burden of stroke updates can provide promptly.
